Animal and human models suggest associations between fat intake, fiber intake, and the risk of esophageal adenocarcinoma. We evaluated whether these factors may act early in the carcinogenic pathway as a risk factor for Barrett's esophagus, a potentially premalignant precursor to esophageal adenocarcinoma using a casecontrol design within the Kaiser Permanente, Northern California population. Incident Barrett's esophagus cases (n = 296) were matched to persons with gastroesophageal reflux disease (GERD) (n = 308) and to population controls (n = 309). Higher intakes of omega-3-fatty-acids [cases vs. population controls; OR = 0.46, 95% CI = 0.22-0.97, 4th vs. 1st quartiles of intake], polyunsaturated fat, total fiber (OR = 0.34, 95% CI = 0.15-0.76), and fiber from fruits and vegetables (OR = 0.47 95% CI = 0.25-0.88) were associated with a lower risk of Barrett's esophagus. Higher meat intakes were associated with a lower risk of long-segment Barrett's esophagus (OR = 0.25, 95% CI = 0.09-0.72). In contrast, higher trans-fat intakes were associated with increased risk (OR = 1.11; 95% CI = 1.03-1.21 per g/day). Total fat intake, barbecued foods, and fiber intake from sources other than fruits and vegetables were not associated with Barrett's esophagus. Future studies to evaluate whether dietary interventions might influence the risk of Barrett's esophagus or esophageal adenocarcinoma in high risk persons are needed.
INTRODUCTION
Barrett's esophagus (BE) is a metaplastic transformation of the esophageal squamous epithelium into specialized intestinal columnar epithelium (1) as a result of chronic gastroesophageal reflux (GERD) injury. Barrett's esophagus predisposes to esophageal adenocarcinoma, a cancer with one of the fastest rising incidence rates in the United States and an exceptionally poor prognosis (2) (3) (4) (5) (6) . Currently, there are limited therapeutic options to either prevent or treat this highly lethal cancer, making the identification of modifiable risk factors for primary prevention programs an urgent need. The treatment or prevention of Barrett's esophagus presents the potential for early risk interventions; thus, the evaluation of modifiable risk factors for Barrett's esophagus may provide information on early events in the carcinogenic pathway for esophageal adenocarcinoma and is of considerable clinical interest.
Diet is one potential environmental factor that may influence the risk of developing esophageal adenocarcinoma. Previous studies have reported adverse associations between dietary fat (7-10), animal protein (8) , processed meat (11) , and cholesterol (8) with the risk of esophageal adenocarcinoma; whereas dietary fiber (7, 8, 10, 12) , antioxidants (13) , and fruits and vegetables (9, 14, 15) are associated with a reduced risk. It has also been hypothesized that barbecued or charbroiled meat, a major source of polycyclic aromatic hydrocarbons (PAHs), may be associated with increased risk (16) . It is unknown, however, whether these dietary elements may decrease the risk of Barrett's esophagus itself or may, instead, decrease the risk of Barrett's esophagus progressing to esophageal adenocarcinoma. Minimal human data are available regarding the associations between diet and Barrett's esophagus. A recent study reported that high dietary animal fat (beef) increased the incidence of Barrett's esophagus in rats and hypothesized that animal fat changed the bile-acid composition and increased the concentration of taurine conjugates in the bile juice (17) . Another study reported an increase in the carcinogenic process of Barrett's esophagus among rats fed a higher fat diet along with a carcinogen (18) . In humans, fruits and/or vegetables (19, 20) , as well as a dietary pattern rich in fruits and vegetables (21) , have been observed to be inversely associated with the risk, whereas a "Western" style dietary pattern high in fast food and processed meat products may be adversely associated (21) . However, it is still unclear what components of these diets actually play role in changing the risk of Barrett's esophagus. For instance, fiber in fruits and vegetables may be the active "protective" components, whereas higher contents of certain fats or meat in the "Western" diet may increase the carcinogenic process as has been suggested from the animal studies.
Thus far, no previous study has examined the effects of diet apart from fruits and vegetables or antioxidants on Barrett's esophagus. We thus examined the associations between intakes of various nutrients including fats and fiber, as well as meat intake, cooking methods of meat, and the risk of Barrett's esophagus using a case-control design that compared patients with a new diagnosis of Barrett's esophagus to population controls and, separately, to patients with gastroesophageal reflux disease (GERD). The latter group permits evaluation of risk factors for Barrett's esophagus among persons with GERD.
MATERIALS AND METHODS

Study Population
Details of the study design have been described previously (22) . Briefly, this was a case-control study conducted within the Kaiser Permanente, Northern California (KPNC) population, an integrated health services delivery organization. The KPNC membership contains approximately 3.3 million persons whose demographics closely approximate the underlying census population of Northern California (23, 24) . Potentially eligible subjects for this study were all adult (ages 18-79 yr) KPNC members who were continuously enrolled for at least 2 yr prior to their index period, met the case or control definitions outlined below, and were able to understand spoken and written English. The index date for cases was the date of Barrett's esophagus diagnosis. The index date for controls was the midpoint of each 2-to 3-mo selection interval for the cases. The membership population and GERD comparison groups were frequency matched to the cases by gender (given the high proportion of males among Barrett's esophagus patients), age at the index date, and geographic region (each subject's home facility).
Case Definition
Cases were KPNC members (ages 18-79 yr) assigned a new diagnosis of Barrett's esophagus between the years 2002 and 2005. First, potentially eligible cases were identified using the International Classification of Disease, 9th revision (ICD-9) code 530.2, which at KPNC is uniquely coded on reporting sheets as "Barrett's esophagitis." A board-certified gastroenterologist (D. A. Corley) then reviewed the endoscopy and pathology of records of potentially eligible cases to determine if they met the stated Barrett's esophagus definition. Subsequently, all pathologic slides underwent a separate review by an independent gastrointestinal pathologist to evaluate for the presence of intestinal metaplasia. The following patients were excluded: patients with only gastric-type metaplasia of the esophagus, patients with columnar metaplasia without features of intestinal metaplasia on all pathologic evaluations, patients without a biopsy of esophageal origin, and patients with a prior Barrett's esophagus diagnosis.
Population Controls
Population controls were randomly selected from at-risk members of the entire Northern California Kaiser membership roster at the time the Barrett's esophagus cases were identified. Controls carrying a prior diagnosis of Barrett's esophagus by ICD-9 code 530.2 in the database were excluded.
GERD Comparison Group
GERD controls were adult KPNC members who had a diagnosis of GERD (International Classification of Disease, version 9, codes 530.11 reflux esophagitis or 530.81 gastroesophageal reflux); a prescription sufficient for at least 90 days use of histamine-2 receptor antagonists or proton pump inhibitors (medications used for treating GERD symptoms) in the previous year (documented from electronic pharmacy records); no prior known diagnosis of Barrett's esophagus prior to the period of case selection by electronic coding; and performance of an esophagogastroduodenoscopy (in proximity to the index date of the case group) that did not demonstrate esophageal columnar metaplasia of any type (all reports were manually reviewed by a study gastroenterologist). A prior study that contrasted a similar strategy with interviews for GERD symptoms demonstrated that this method is highly specific for a GERD diagnosis (25) .
Exposure Measurements
All study subjects completed 1) an in-person interview (most commonly at the subject's home) of GERD symptoms, medication use, medical history, tobacco use and alcohol use; 2) phlebotomy; and 3) anthropometric measurements. We assessed subjects' nutritional intake using a validated 110-item food frequency questionnaire (FFQ; the Block 98) (26) (27) (28) (29) . This FFQ estimates average daily nutrient intake-including various types of fat, fiber, and protein-based on questions about frequency and portion size of a given food and usual eating habits over the year before the index date. The FFQ results show good correlations with multiple-day dietary records in a wide variety of population subgroups in assessing past dietary habit (30) and strong correlations with serum measures for lipids and antioxidants (31, 32) . The original dietary data were translated to daily intakes of specific nutrients using Dietary Data Systems (Berkeley, CA; www.nutritionquest.com). We excluded subjects with over 20 missing food items or with extremely high or low total caloric intakes. The food questionnaire also asked a question regarding the "doneness" of meat (i.e., rareness of cooked meat) and, separate from the questionnaire, the interviewer asked "How often do you eat barbecued or smoked foods?" Quartile categories used distributions from the population control group.
Statistical Analysis
After exclusion of subjects who did not complete the food frequency questionnaire (n = 28) or who had extreme responses in the questionnaire (skipped items >20, n = 5; extreme caloric intakes, n = 7), 296 Barrett's esophagus cases, 308 GERD controls, and 309 population controls were included in the analyses. Unconditional logistic regression was used to calculate odds ratios (ORs) as an estimate of the relative risk, and corresponding 95% confidence intervals (CIs) (33) . All analyses were performed comparing cases vs. population controls and cases vs. GERD controls. The control groups were frequency matched to cases (at the time of case diagnosis) by gender (given the high proportion of males among Barrett's esophagus patients), age at the index date (by 5-yr age groups), and by geographic region (each subject's home facility). We evaluated the following additional variables as potential confounders: ethnicity (classified as White vs. non-White due to small sample sizes in the ethnic subgroups), smoking (ever vs. never, current vs. never), body mass index (BMI = kg/m 2 ), abdominal obesity (waist circumference), recent alcohol use (number of drinks/wk), aspirin or nonsteroidal anti-inflammatory drug (NSAID) use, a comorbidity index (the DxCg score, which creates a predictive comorbidity score based on demographic data, medical coding, and pharmacy utilization) (34, 35) , education, income, serum Helicobacter Pylori (H. Pylori) antibody status, regular vitamin supplement intake, and total caloric intake per day. Potential confounding factors were included in the final model if their inclusion altered the β coefficient by >10%. The final model was adjusted for the frequency-matched variables (age, sex, and geographic region) in addition to race, use of dietary supplements, and energy intake, which are known to be associated with Barrett's esophagus and/or diet.
Data were first analyzed by quartile (the lowest quartile as referent). We also evaluated intake as a continuous variable for each nutrient to maximize the power to detect trends. All analyses were performed using SAS statistical software (Cary, NC). The study and analyses were approved by KPNC institutional review board.
RESULTS
Baseline Characteristics
Baseline characteristics of the study subjects are presented in Table 1 . The demographic characteristics were fairly evenly distributed among the 3 groups, although cases tended to have a slightly higher proportion of ever smokers compared to the other groups. The factors that appeared to differ among groups such as smoking or vitamin supplement use status were considered as potential confounders even though the differences were not statistically significant. The average intakes of energy and total fat were comparable among the 3 groups, although population control subjects tended to have somewhat higher intakes of fruits and vegetables. Among the cases, the length of the Barrett's segment was <3 cm in 111 subjects (38%), ≥3 cm in 139 subjects (47%), and not reported in 46 subjects (15%).
Fats and Cholesterol
There was an inverse association between intakes of polyunsaturated fat, omega 3, and the risk of Barrett's esophagus; and the associations were stronger for long-segment Barrett's esophagus. For instance, those who consumed the highest amount of omega 3 fatty-acid were at less than half the risk of developing any Barrett's esophagus (OR = 0.46; 95% CI = 0.22-0.97; 4th vs. 1st quartiles), and at 3 times lower the risk of having longsegment Barrett's esophagus (OR = 0.36; 95% CI = 0.14-0.90). Polyunsaturated fats had trends for inverse associations with any Barrett's esophagus (Table 2) . On the other hand, trans fat, often found in highly processed food, was significantly associated with an increased risk of Barrett's esophagus when examined continuously (OR = 1.11; 95% CI = 1.03-1.21, any Barrett's esophagus; OR = 1.15; 95% CI = 1.04-1.27, for long-segment BE, per g/day). Saturated fat, mainly found in animal products, was associated with increased risk of long-segment Barrett's esophagus (OR = 1.05; 95% CI = 1.01-1.09, per g/day). There were no consistent associations between total fat or cholesterol and the risk of Barrett's esophagus (Table 2) .
Fiber
Total fiber was significantly inversely associated with the risk of any Barrett's esophagus (OR = 0.34; 95% CI = 0.15-0.76; 4th vs. 1st quartiles) and long-segment Barrett's esophagus (OR = 0.20 95%; CI = 0.07-0.56). When the sources of fiber were examined separately, fruits and vegetables were the only sources associated with significant reduction of the risk (OR = 0.47; 95% CI = 0.25-0.88, for any Barrett's; OR = 0.30; 95% CI = 0.13-0.69, for long segment): Fiber from beans and grains were not significantly associated with Barrett's esophagus (Table 3) .
Protein, Meat, and Meat Cooking Methods
There was a strong trend for a lower risk of Barrett's esophagus among persons with higher meat intakes, with a significant association among persons with long-segment Barrett's esophagus (Table 4) : Those in the highest quartile of meat consumption (median = 3.3 servings/day) were at 4 times lower risk of Barrett's esophagus (OR = 0.25; 95% CI = 0.09-0.72) compared to subjects in the lowest quartile (median = 0.9 servings/day). The inverse association between higher meat intake and any Barrett's esophagus was of borderline significance (OR = 0.46; 95% CI = 0.21-1.01). The associations between total protein and dairy intakes were not consistent (Table 3) . There were no significant associations between frequent consumption of barbecued foods (OR = 0.84; 95% CI = 0.53-1.35, 1+/wk vs. <1/mo; Table 4 ) or well-cooked meats (OR = 1.30; 95% CI = 0.62-2.72) and the risk of Barrett's esophagus.
SUPPLEMENTAL ANALYSES Dietary Factors and GERD
We evaluated whether the associations between fiber and meat intake may be present solely through increasing GERD symptoms, a strong risk factor for Barrett's esophagus. First, we evaluated whether adjustment for at least weekly GERD symptoms changed the association between each risk factor and Barrett's esophagus (cases vs. population controls). If the association were markedly diminished, this would suggest some of the association may be mediated through GERD. Adjustment for GERD only somewhat weakened the observed associations; for instance, the effect estimate for total fiber was attenuated from OR = 0.34, 95% CI = 0.15-0.76 (4th vs. 1st quartiles) to OR = 0.58, 95% CI = 0.21-1.61. Similarly, the inverse association between meat intake and long-segment Barrett's esophagus was slightly weakened from OR = 0.25, 95% CI = 0.09-0.72 (4th vs. 1st quartile comparison) to OR = 0.33, 95% CI = 0.08-1.30. Second, we evaluated mediation through GERD by comparing cases to GERD controls who lacked Barrett's esophagus on endoscopy. These analyses effectively helped "match" for a GERD-type diagnosis and for health care seeking behaviors leading to an endoscopy; thus, they help identify risk factors for Barrett's esophagus among people with GERD. For these comparisons, strong inverse trends persisted for omega-3 and polyunsaturated fatty acids, although the confidence intervals were wider and included 1.0 (data not shown). Total fiber was significantly inversely associated with Barrett's esophagus (OR = 0.40; 95% CI = 0.17-0.91), although fiber from fruits and vegetables was not significantly associated. Meat and protein intakes were also inversely associated, with results that were of borderline significance: Individuals in the highest quartile of meat or protein consumption were at about half the risk of developing any Barrett's esophagus (OR = 0.49; 95% CI = 0.23-1.07; OR = 0.42; 95% CI = 0.17-1.05, respectively). Taken in total, these analyses adjusting for GERD widened the confidence intervals, but strong inverse trends persisted, suggesting that the associations found are unlikely to be entirely mediated through GERD.
Analyses of Confounding and Interaction
There was no evidence of strong confounding by smoking, BMI, abdominal obesity, recent alcohol use, aspirin or NSAID use, education, income, serum H. Pylori antibody status, or a Only dietary intake was included in the analyses. The quartile cutoff points and median intakes are from the distribution of all population controls.
b Model was adjusted for age, sex, race (White vs. non-White), long-term vitamin use (>2 years), and energy.
comorbidity; thus, the final model only included age, sex, race (White vs. non-White), long-term vitamin use (>2 yr), and energy as covariates. Inclusion of fruits and vegetables, which are closely related to intakes of many of the nutrients examined in these analyses, did attenuate many of the results. For instance, the associations for fiber, meat, omega-3 fatty acid, and unsaturated fats, were markedly attenuated by including a fruit and vegetable variable in the model. However, these results were expected because plant-based food items are the main sources of fiber and unsaturated fats, and omega-3 mainly comes from fish, nuts, seeds, beans, and olive oil.
There was no evidence of interaction with age, gender, race, vitamin supplement intake, or education. The only effect modification was observed for the lengths of Barrett's esophagus, as described above: In general, stronger and more significant associations were observed between the dietary factors evaluated above and the risk of long-segment Barrett's ( ≥3 cm), compared to short-segment type (<3 cm).
DISCUSSION
This is the first community-based study to our knowledge that evaluated the associations between dietary fats, fiber, and animal products and the risk of Barrett's esophagus. Our data suggested that plant-based fats (e.g., polyunsaturated fat), omega-3 fatty acids, fiber (particularly fiber from fruits and vegetables), and meat intakes were inversely associated with the risk of Barrett's esophagus, whereas transfat may be adversely associated with the disease. There was no association between cooking methods of meat (charbroiled or well-done) and the risk of Barrett's esophagus.
Our results extend the prior findings of associations between diet and Barrett's esophagus as well as esophageal adenocarcinoma. Previous animal studies suggested an adverse effect of fat (total or animal) on Barrett's esophagus (17, 18) . However, our data suggest that trans fats, which often come from partially hydrogenated unsaturated plant fats and are found in processed and fried foods (36) , may be the component that is adversely associated; a model for trans fat adjusted for saturated fat still provided a strong adverse association between trans fat and Barrett's esophagus (data not shown). Trans fats and saturated fats have been found to increase the risks of various chronic diseases including coronary heart disease and diabetes (37, 38) by raising LDL ("bad" cholesterol), lowering HDL ("good" cholesterol) and by increasing systemic inflammation such as tumor necrosis factor (TNF)-α receptors 1 and 2 (39) . A previous study reported that the epithelial expression of TNF-α increases with progression along the metaplasia-dysplasia-carcinoma sequence, suggesting an important role of TNF-α in the carcinogenic process from Barrett's esophagus into esophageal adenocarcinoma (40) .
The reported adverse effects of animal-based fat or a diet lacking plant products naturally leads us to suspect that consumption of animal products might have a positive association with the risk of Barrett's esophagus: However, our results showed unexpected inverse associations between meat and longsegment Barrett's esophagus, even after adjustment for fruits and vegetables intake. In addition, we observed a significant inverse association between omega-3 fatty acid and Barrett's esophagus. Although this fatty-acid could come from plant products as mentioned before, the main source is fatty fish. A previous study demonstrated that Barrett's esophagus patients who were randomly assigned omega-3 fatty acid eicosapentaenoic acid (a metabolically active omega 3 fatty acid) experienced a significant reduction in COX-2 protein concentrations, suggesting a potential chemopreventive effect of omega-3 fatty acid or regular consumption of oily fish (41, 42) .
The strong inverse association we found between fiber and Barrett's esophagus corroborates results from other previous studies of esophageal adenocarcinoma and suggests, if causal, that fiber may act early in the carcinogenic process for esophageal adenocarcinoma (7, 8, 10, 12) . The present study also suggested that fiber from fruits and vegetables was the main source of the significant inverse association with the risk of Barrett's esophagus. Fiber itself may absorb carcinogens from food items that pass through the esophagus tract (12) or may reduce the risk of Barrett's esophagus by decreasing the risk of hiatal hernia (43) . However, we cannot exclude the possibility that high fiber is a proxy for certain dietary or lifestyle factors.
GERD may be associated with dietary fat intake. Persons with GERD might lower their fat intake to decrease GERD symptoms; if this occurred, since GERD is strongly associated with Barrett's esophagus, patients with Barrett's esophagus might have lower intakes of meat and fat than controls. Alternatively, GERD patients may have more fat than average in their diet, which is helping to cause their symptoms. To evaluate for confounding or mediation by GERD, we adjusted for the presence of GERD symptoms (in the population control group) and evaluated a GERD diagnosis group (the all-GERD control group). The associations between dietary components and Barrett's esophagus were somewhat attenuated in these analyses of GERD, with wider confidence intervals; however, substantial inverse association trends (although many with wider confidence intervals that included 1.0) persisted. However, no associations were seen in the main analyses with total fat intake or saturated fat intake: We would expect the cases' consumption of these would be lower if cases were lowering fat intake because of GERD symptoms. Taken in total, these findings suggest that the observed associations are not solely explained by the presence of GERD; but there may be some interactions between diet, GERD, and the risk of Barrett's esophagus.
There are numerous strengths of this study. First, to our knowledge, this is the first community-based study to investigate the effect of individual dietary fats and fibers on the risk of Barrett's esophagus. This research complements prior studies of dietary components as risk factors for esophageal adenocarcinoma by determining that diet may be associated with early changes in the carcinogenic pathway (e.g., Barrett's esophagus). Studies of cancer patients may be biased due to recall bias or behavioral/biological changes such as changes in weight or diet due to the diagnosis or treatments for the cancer itself. By using only patients with a new diagnosis of Barrett's esophagus and by identifying all patients with a new diagnosis within this well-defined population, we were able to evaluate whether diet acts early in the carcinogenic sequence, with less opportunity for bias.
Second, the study subjects came from a diverse, broad population base that closely approximates the region's census demographics; thus, the results can more readily be generalized to similar large populations. Third, the availability of two comparison groups permitted us to evaluate the effect of diet in the general population as well as whether diet is a risk factor for Barrett's esophagus among persons with GERD.
There are several potential limitations of these analyses. Case-control studies cannot definitively establish cause and effect (33) , and observational studies in general are subject to confounding by other unmeasured variables. Although analyses that evaluated several potential confounders provided little evidence of confounding, we cannot exclude the possibility that some measured or unmeasured factors might have influenced the results. Second, the main exposure variables were measured just after a Barrett's esophagus diagnosis. Although it is possible that the presence of Barrett's esophagus or GERD may have influenced the subjects' diet, we addressed this issue by evaluating GERD patients as a separate group, and the participants were asked to estimate their dietary intake in the year prior to their Barrett's diagnosis. The food frequency questionnaire is also highly correlated with historical food intake (30) , minimizing the potential recall bias. Potential random measurement error of dietary data from food frequency questionnaire is an important issue in nutritional epidemiology, although such measurement error would most likely bias the results toward the null unless there is random error in several covariates. Third, the presence of nonresponders may lead to bias; however, the electronic data suggested that nonresponders were, on average, somewhat healthier than the responders, with lower comorbidity scores. This finding would suggest that the effect of nonresponse, if any, may bias the results toward the null (making the population controls more similar to the cases) and make it more difficult to detect a difference of causal significance. Last, although adjustment for GERD symptoms or a GERD diagnosis did not eliminate the associations seen, these are imperfect measures of true gastroesophageal reflux. Thus, we cannot exclude that some of the associations seen are mediated through diet altering gastroesophageal reflux, which, in turn, may have altered the risk of Barrett's esophagus.
In summary, in a community-based population, we found that omega-3 fatty acid, fiber, and meat intake were inversely associated with the risk of Barrett's esophagus, whereas transfat intake may be adversely associated with risk. Combining our results with previous reports, a dietary pattern that is rich in whole foods, including animal products, may be inversely associated with risk, whereas a diet high in processed foods and fast foods is adversely associated with risk. Future studies are needed to evaluate the role of GERD on the etiological pathway and whether dietary interventions may influence the risk of Barrett's esophagus or esophageal adenocarcinoma in high risk persons (such as persons with GERD).
